Introduction
It has been known that the mucihematein stain of Mayer (1896) is a traditional staining method for mucin. Thompson (1966) has noted that Mayer introduced the mucihematein stain for the demonstration of certain types of acid mucopolysaccharides in tissue sections.
Although this technic is relatively specific it is empirical.
According to Mallory (1938), Mayer's mucihematein stain is particularly useful for the demonstration of acid mucopolysaccharides (mucins) of fibroblastic origin.
Epithelial mucins may give variable results ranging from intensely positive to negative.
In recent years attempts were made by numerous investigators to elucidate the kinds, biochemical properties, and distribution in tissues of the mucopolysaccharides.
It is considered that classifying mucopolysaccharides into fibroblastic and epithelial origin seems not to be appropriate.
On the basis of the present findings regarding the mucopolysaccharides, we have investigated the kinds of mucopolysaccharides to which hematein shows affinity and its staining properties.
Instead of commercially available hematein, the dye used in this study was prepared according to the method described by Arshid et al. (1954) .
Materials
and Methods I Preparation of hematein Hematein was purified from commercial source by the method of Arshid et al. (1954) . Hematein content in the preparation was spectro-metrically assayed according to the procedure of Marshall et al. (1974) .
II Staining solution
Staining solution was prepared by dissolving 50 mg hematein and 50 mg aluminum ammonium sulfate in 50 ml of 0.1 M acetate buffer solution (pH 3.6). This dye solution was named hematein staining solution.
III Materials
Specimens of mucosubstances-containing tissues such as trachea, aorta, cornea, duodenum, jejunum and colon from rat. The tissues were fixed in cetylpyridinum chloride (CPC) neutral formalin (1% CPC in 10% neutral formalin) for 24 hours (Conklin, 1963) . After fixation, the tissues were dehydrated in a graded ethanol series and routinely embedded in paraffin. Sections were cut at 5 p. Deparaffinized sections were brought through a graded ethanol series to water and subjected to the following staining methods. Two types of controls for the enzyme digestion experiments were performed on a series on tissue sections. 1) Some sections were kept intact without any incubation procedures.
2) Other sections were incubated in each buffer solution containing no enzymes.
Prior to neuraminidase digestion, according to Ravetto (1968) , still other sections were incubated at 37°C for 24 hours in ammonia-ethanol water mixture (Lillie, 1965 Table I. II Findings obtained in conjunction with enzyme digestion 1. Testicular hyaluronidase digestion 1) Tracheal cartilage : Metachromasia of the capsular and interterritorial matrix started to reduce after treatment for the period of 4 hours. And digestion for 8 hours extinguished the metachromasia notably (Fig. 3) .
2) Goblet cells of trachea, duodenum, jejunum and colon : Digestion for 4 hours gave not effect, while digestion for 8 hours gave slight diminishment of staining.
3) Aorta : Staining of the interelastic spaces was not altered by either 4 or 8 hours digestion. 4) Cornea : Digestion for 4 hours, even 8 hours, failed to abolish the coloration in the stroma.
2. Streptomyces hyaluronidase digestion 1) Tracheal cartilage : In contrast to testicular hyaluronidase, extinction of metachromasia due to digestion for 8 hours occurred slightly in the capsular and interterritorial matrix. 2) Goblet cells of trachea, duodenum, jejunum and colon : Treatment for 8 hours gave the similar effect as that due to testicular hyaluronidase.
3) Aorta : Similarly as the case of testicular hyaluronidase, no digestive effect was demonstrated in the interelastic spaces. 4) Cornea : Similarly as the case of testicular hyaluronidase, no abolition effect was obtained in the stroma.
3. Neuraminidase digestion 1) Tracheal cartilage : Treatment for 18 hours led to somewhat extinction effect in the capsular and interterritorial matrix. 2) Goblet cells of trachea, duodenum, jejunum and colon : Almost complete abolition of metachromasia was disclosed in all tissues except colon (Fig. 4 and Fig. 5 ). However, prior to digestion, pretreatment of the section with ammonia-ethanol-water mixture (deacetylating reagent) at 37°C for 24 hours gave positive results in colonic goblet cells (Fig. 6) .
3) Aorta : Treatment with either testicular or Streptomyces hyaluronidase exhibited no effect. But neuraminidase digestion resulted in marked abolition of metachromasia in the interelastic spaces. 4) Cornea : Similarly as in the aorta, positive results were obtained in the stroma.
The results obtained above were summarized in Table II . Cont, Control ; T-H, testicular hyaluronidase digested ; ST-H, Streptomyces hyaluronidase digested; N, neuraminidase digested ; Deacet, deacetylation ; RP, red purple; 0, negative reaction ; ±, a feeble or doubtful reaction ; 1-n, the number being proportional to the intensity of the reaction.
III Results obtained in conjunction with blocking reaction Metachromasia appearing in the aortic interelastic spaces and corneal stroma was completely extinguished following mild methylation (37°C, 4 hours). Methylation for the period of 5-6 hours at 60°C suppressed the metachromasia completely in all tissues. In addition, when saponification for demethylation was carried out following methylation (60°C, 5-6 hours), metachromasia was restored in the goblet cells of trachea, duodenum, jejunum and colon, but not in the capsular and interterritorial matrix. On the contrary, metachromasia was increased in intensity in both aortic interelastic spaces and corneal stroma.
The results obtained above were summarized in Table  III . Cont, control ; Meth (37°C), mild methylation at 37°C; Meth (60°C), methylation at 60°C; Sap, saponification ; RP, red purple ; 0, negative reaction ; ±, a feeble or doubtful reaction; 1-n, the number being proportional to the intensity of the reaction.
IV Influence on hematein staining due to addition of MgC12 When each section was stained with hematein staining solution containing 0.2 M MgC12, only the capsular and interterritorial matrix of tracheal cartilage still exhibited metachromasia, while in other tissues no metachromasia was obtained.
Discussion
In view of the staining results about a variety of mucopolysaccharides which are summarized and presented in Table I , until now, it is generally established that the kind and location of mucopolysaccharides are described as follows :
1) The capsular and interterritorial matrix of tracheal cartilage chiefly contain sulfated mucopolysaccharides.
2) The goblet cells of trachea, duodenum, jejunum and colon mainly show positivity of sialic acids.
3) In the interelastic spaces of aorta and stroma of cornea, most of the mucopolysaccharides consists of hyaluronic acid with some of other types such as sialic acid and sulfated mucopolysaccharides.
In addition, on examination of the results stained with hematein following enzyme digestion, several speculations are discussed below :
1) The mucopolysaccharides occurring in the capsular and interterritorial matrix which are stained positively with hematein are considered to be chondroitin sulfate A and C or hyaluronic acid, since digestion with testicular hyaluronidase eliminates the metachromasia markedly.
Furthermore, the fact that treatment with Streptomyces hyaluronidase which digest hyaluronic acid specifically (Ohya and Kaneko, 1970) did not abolish the metachromasia indicated that the mucopolysaccharides contain chondroitin A and C. 2) Since the metachromasia appearing in the goblet cells of trachea, duodenum and jejunum can be eliminated by neuraminidase digestion, sialic acid is presumed to occur. Due to the fact that in the colonic goblet cells, metachromasia is not abolished even following treatment of neuraminidase, it seems that the different mucosubstances exist between the small and large intestines. Gibbons (1963) and Neuberger and Ratcliffe (1972) have noted that one kind of sialic acid exhibits resistance to digestion by neuraminidase. In addition, evidence has been provided (Culling et al., 1974 ) that 0-acylated sialic acid resistant to neuraminidase digestion is present in the colonic goblet cells of rat.
And prior to neuraminidase digestion, treatment with alkali makes the 0-acylated form prove to the digestion.
The present study has also demonstrated that treatment with alkali (Ravetto, 1968) before staining with hematein leads to diminishing of the metachromasia in the colonic goblet cells. Therefore, it is suggested that the metachromatic substance present in the colonic goblet cells contains 0 -acylated sialic acid .
3) The metachromatic substance demonstrated with hematein in the interelastic space of aorta and stroma of cornea is supposedly composed of sialic acid, judging from the fact that neuraminidase digestion abolishes the metachromasia, whereas Streptomyces hyaluronidase fails to alter the staining pattern.
Furthermore, the results obtained following methylation and sa---ponification were discussed below :
On the basis that methylation abolishes the metachromatic reaction, and saponification following methylation does not restore the metachromasia in the capsular and interterritorial matrix, it is considered. that the mucosubstance contains sulfate group which occurs in chondroitin sulfate A and C, and possibly combines with hematein-lake.
In contrast, in the cases of all tissues except tracheal cartilage, methylation abolishes the metachromasia, and saponification following methylation restores the metachromasia.
Thus, these mucosubstances are supposed to contain carboxyl group which occurs in sialic acid and mainly combines with hematein-lake.
The metachromasia of all tissues is eliminated, when stained with hematein staining solution containing MgCl2. This fact indicates that existence of metal cation in the staining solution inhibits the metachromasia.
Thus, it is presumed that the metachromasia due to hematein is associated with ionic bonding. Summary 1. Metachromasia was manifested in the capsular and interterritorial matrix of tracheal cartilage, the goblet cells of trachea, duodenum, jejunum and colon, the interelastic sapaces of aorta, and the stroma of cornea, when these specimens fixed in 1% CPC-10% neutral formalin were stained with a solution which was prepared by dissoloving 50 mg of hematein and 50 mg of aluminum ammonium sulfate in 50 ml of 0.1 M acetate buffer at pH 3.6.
2. On the basis of positive results obtained by testicular hyaluronidase, Streptomyces hyaluronidase and neuraminidase digestions, it is suggested that the metachromatic substances are composed of chondroitin sulfate A and C which are present in the tracheal cartilage, sialic acid which is present in the goblet cells of trachea, duodenum and jejunum, the interelastic spaces of aorta, and the stroma of cornea, and 0-acylated sialic acid which is present in the colonic goblet cells.
3. In view of the results obtaining with methylation and saponification treatment in addition to enzymatic digestion, it is suggested that hematein-lake combines with the sulfate group of chondroitin sulfate A and C, and carboxyl group of sialic acid. In addition, since the metachromasia is inhibited by addition of MgC12, it is presumed that the combination is due to ionic bonding.
Explanation of Plate I
All specimens were prepared from 1% CPC-10% neutral formalin fixed materials. Fig. 1 . Rat trachea. Capsular and interterritorial matrix were stained intensely red purple with a solution containing 50 mg of hematein and 50 mg of aluminum ammonium sulfate in 50 ml of 0.1 M acetate buffer (pH 3.6). x 100 Fig. 2 . Rat jejunum. Nuclei were stained bluish purple and mucosubstances of the goblet cells were stained metachromatically red purple with the same solution as in Fig. 1 . x100 Fig. 3 . Rat trachea. Section was incubated at 37°C for 8 hours in 0.1 M phosphate buffer (pH 5.5) containing testicular hyaluronidase at a concentration of 0.05%. The section was then stained with the same solution as in Fig. 1 . The metachromatic reaction was notably diminished in intensity after testicular hyaluronidase digestion (cf. Fig. 1 ). x100 Fig. 4 . Rat jejunum. Section was incubated at 40°C for 18 hours in 0.1 M acetate buffer (pH 5.5) containing 0.4 M CaC12 and 0.5 mg/ml of neuraminidase prior to the same staining as in Fig. 2 . The neuraminidase digestion almost abolished the metachromatic reaction (cf. Fig. 2 ). x100 Fig. 5 . Rat colon. After the same neuraminidase digestion as in Fig. 4 , the metachromatic reaction in the mucosubstances of colonic goblet cells was not reduced in intensity. x 100 Fig. 6 . Rat colon. Prior to neuraminidase digestion, section was incubated at 37°C for 24 hours in ammonia-ethanol-water mixture. The metachromatic reaction was almost completely abolished (cf. Fig. 5 ). x 100
